Aim: To study effects of recombinant human growth hormone (rhGH) on growth hormone-insulin-like growth factor axis (GH-IGFs) of human gastric cancer cell in vivo in order to reveal part mechanism of growth effects of rhGH on gastric cancer. Methods: Nude mice were randomly divided into control group, cisplatin (DDP) group, rhGH group and DDP + rhGH group after human gastric cancer xenograft model of node mice was successfully founded and drugs were used for 6 days. We investigated volume of tumor, inhibitory rate of tumor and cell cycle by slide gauge and flow cytometry. In addition, We also respectively investigated insulin-like growth factor-I (IGF-I) and insulin-like growth factor binding protein-3 (IGFBP-3) of blood serum of nude mice, IGF-ImRNA, insulin-like growth factor-I receptor (IGF-IR) mRNA and IGFBP-3 mRNA of xenograft of nude mice by enzyme linked immunosorbent assay (ELISA) and semiquantitative reverse transcriptase-polymerase chain reaction (RT-PCR) on the first day of completing use of drugs later. Results: Tumor grew obviously slowly and tumor inhibitory rate obviously rose in DDP group and DDP + rhGH group compared with control group and rhGH group (p < 0.05), but they were not remarkably different between DDP group and DDP + rhGH group or between control group and rhGH group. Cells of gastric cancer xenograft in S phase distinctly diminished in DDP group and DDP + rhGH group compared with control group and rhGH group (p < 0.05), but they were not statistically significant between DDP group and DDP + rhGH group or between control group and rhGH group. IGF-I and IGFBP-3 of blood serum of nude mice obviously rose, but ratio of IGF-I and IGFBP-3 obviously lowered in rhGH group and DDP + rhGH group compared with control group and DDP group (p < 0.05). Expressions of IGF-I mRNA and IGF-IR mRNA were not obviously different in all groups. But expression of IGFBP-3 mRNA obviously increased in rhGH group, DDP group and DDP + rhGH group compared with control group; meanwhile, expression of IGFBP-3 mRNA also obviously increased in DDP + rhGH group compared with control group, DDP group and rhGH group. Conclu-* Corresponding author.
Introduction
The effect of growth hormone/insulin-like growth factor (GH/IGF) axis on normal cells was very clear; meanwhile, many evidences manifested that GH/IGF axis promoted growth of tumor tissue [1] [2] . Furthermore, epidemiologic survey hinted that GH/IGF axis and long-term use of growth hormone (GH) were tumorigenic possible factors. But other data showed that long-term use of GH could not promote tumorigenesis [3] - [6] . Since 1996, we have always undertaken the clinical research that recombinant human growth hormone (rhGH) was applied in postoperative patients with gastrointestinal malignant tumor for metabolic intervention. We found that rhGH improved patients' rehabilitation, raised patients living quality and did not raise relapse rate and transfer rate of cancer compared with control group [7] [8] . Lots of overseas clinical data showed that hGH did not improve cancer growth and could decrease peroperative complications incidence and death rate in postoperative patients with gastrointestinal malignant tumor [9] - [13] . Our previous empirical study has also demonstrated that rhGH did not accelerate the proliferation of human gastric cancer cell line BGC823 in vitro and in vivo [14] [15] . But mechanism that rhGH did not accelerate the proliferation of human gastric cancer cell was unknown. GH should upgrade the blood level of IGF-I by promoting the transcription and expression of IGF gene. The major effects of IGF were induced by IGF-1R. 1% of IGF was free and effective in vivo, while 99% was combined with insulin-like growth factor binding protein (IGFBP). It showed that IGFBP was important to the regulation of IGF effects in vivo. We analyzed contents of insulin-like growth factor-I (IGF-I), insulin-like growth factor binding protein-3 (IGFBP-3) of blood serum and expression IGF-ImRNA, insulin-like growth factor-I receptor (IGF-IR) mRNA, and IGFBP-3 mRNA of transplantation tumor of nude mice with gastric cancer after rhGH was used in nude mice for short term. Our experiment results would reveal part mechanism of growth effects of rhGH on gastric cancer.
Materials and Methods

Materials
Nu/Nu nude mice were obtained from Beijing Wei Tong Li Hua experimental animal technology limited company and animal certificate number was SCXK (Jing) 2002-003. The mice were 6 wk old, with weights ranging between 15 -21 g and they were allowed free access to the normal diets and water in specific-pathogen free laboratory in the emphasis natural drugs and pharmacology laboratory of Yunnan province China. The animal experiments were performed according to the European Community guidelines for the care and use of animals, and approved by the Animal Research Ethics Committee, Kunming Medical University. Human gastric cancer cell line MKN45 was supplied by the Cell Bank of Shanghai Cell Biology Institute of Chinese Academy of Sciences. rhGH (Saizen) was supplied by Serono (Switzerland), cisplatin (DDP) by Gejiu Biotechnology and Pharmacology Limited Company. Immunoreagent kit of insulin-like growth factor-I (IGF-I) and insulin-like growth factor binding protein-3 (IGFBP-3) was supplied by Immunodiagnostic Systems Limited, USA and 5× Reverse Transcriptase Buffer, dNTP Mixture, RNase Inhibitor, Oligo (dT) 18 Primer and AMV Reverse Primer all by Takara Biotechnology (Dalian) Limited Company. In addition, enzyme linked immunosorbent assay implement was M262154, USA. PCR implement was supplied by Biometra Company, Germany and its type was UNO-Thermoblock.
Methods
The cells of human gastric cancer cell line MKN45 were cultured in laboratory and the density of single cell suspension was adjusted to 1 × 10 7 /L for further use. Later, cell suspension (0.2 mL) was inoculated subcutaneously into right gluteal of nude mice.
After long diameter of gastric cancer xenograft was observed to be 1.0 centimeter by measuring its long diameter and short diameter, nude mice were executed and xenograft was divided into lots of mass-their volume were 2 × 2 × 2 mm 3 . Then, the mass were respectively inoculated subcutaneously into right gluteal of 30 nude mice and gastric cancer xenograft models of nude mice were founded.
On the fourteenth day of inoculation, nude mice whose xenograft grew well were randomly divided into 4 groups: control group, rhGH group, DDP group and rhGH + DDP group, and 6 in each group. Later, the following drugs were administrated for 6 consecutive days: normal saline (NS) was subcutaneously injected in control group, 0.1 mL/d; rhGH group with rhGH, 2 IU/kg per day; L-OUP group with L-OHP by celiac injection, 1.3 mg/kg per day; and rhGH + L-OHP group with both rhGH and L-OHP of the same dosage as rhGH group and L-OHP group, respectively. The nude rice was killed on the first day of completing administration.
After length and breadth of tumor were measured by slide gauge, volume of tumor was computed before use of drug. On the first day of drugs completing administration, tumor was measured by slide gauge also and volume of tumor and tumor inhibitory rate was computed. In addition, the xenograft was confirmed in pathological observation by HE dyeing. Then, 1 -1.5 mL eyeballs blood of nude mice was obtained and was centrifuged 3000 rpm/second centrifugal separation of serum 10 min, drawing the upper serum, placed in −20˚C refrigerator for enzyme-linked immunosorbent assay (ELISA) detection of IGF-I and IGFBP-3. ELISA detection methods include: coating, dispensing, plus HRP, substrate Yexian add color, to terminate the reaction; results found: on a white background can be a direct observation with the naked eye: the deeper the color reaction hole, the positive degree stronger negative reaction is a colorless or very light, measured by ELISA detector optical density (OD) of each hole.
Calculation formula: ( ) volume in control group volume in experiment group Tumor growth inhibitory rate % 100% volume in control group
Tissue of tumor was taken and was detected by flow cytometry and by reverse transcriptase-polymerase chain reaction (RT-PCR) after nude mice were killed on the first day of drugs completing administration respectively.
Flow cytometry procedures: Part of tumor was made into a single-cell suspension for flow cytometry by grinding, centrifugating and washing. After fixed with 70% alcohol, the cells were kept at 4˚C overnight, then, dyed with fluorescence. Finally the cell cycle was examined at 488 nm wavelength. Barlogie cell cycle assay was used.
RT-PCR procedures: 1) Extraction of total tissue RNA 1 μg RNA was taken and the first chain of cDNA was synthesized by reverse transcription. Then, according to the instruction of AMV reverse transcriptase, the liquid was shifted in 42˚C thermostatic bath and incubated one hour and cooling 2 minutes in ice water in turn after it was lightly stirred and was placed for 10 minutes in room temperature. The last, the reaction product was used for PCR reaction.
2) Primer sequence and reaction condition were shown in Table 1 and PCR carried out in the volume of 25 μl:
PCR reaction included 94˚C denaturing for 3 minutes and lots of cycles which were 94˚C denaturing for 30 seconds, annealing for 30 seconds, extending 72˚C for 30 seconds and the last extending 72˚C for 3 minutes.
3) Electrophoresis after agarose gel electrophoresis, 5 μg/mL ethidium bromide dyeing for 10 minutes and pure water flush, gel was analyzed by Quantity-One software (BIO-RAD, Hercules, CA) and was image analyzed.
Statistical Analysis
Statistics were computed using the statistics program SPSS 13.0 software (SPSS Inc., Chicago, Ill., USA) for Windows. Data are presented as mean ± SEM and differences among experimental groups were analyzed by one-way analysis of variance or rank test. Statistical significance was set at p < 0.05.
Results
Pathomorphology of Xenograft by HE Dyeing
We observed pathomorphology of xenograft in optical microscope by HE dyeing and we found that the tumor cells of xenograft were round, amount, big nucleus, more pathological division, multiple nucleoli, tumor cells arranging in disorder, plentiful blood sinusoid (Figure 1 ). So we thought that gastric cancer xenograft models of nude mice were successfully founded.
Volume of Tumor and Tumor Inhibitory Rate
Tumor grew obviously slowly and tumor inhibitory rate obviously rose in DDP group and DDP + rhGH group compared with control group and rhGH group (p < 0.05); but they were not remarkably different between DDP group and DDP + rhGH group or between control group and rhGH group ( Table 2) .
ELISA Detection
As shown in Table 3 , IGF-I and IGFBP-3 of blood serum of nude mice obviously stepped up in rhGH group or DDP + rhGH group compared with Control group or DDP group but ratio of IGF-I and IGFBP-3 obviously lowered and there was significant difference among them.
Cell Cycle
Cells of gastric cancer xenograft in S phase distinctly diminished in DDP group and DDP + rhGH group compared with control group and rhGH group (p < 0.05); but there was not statistically significant between DDP group and DDP + rhGH group or between control group and rhGH group (Table 4, Figure 2 ).
RT-PCR Detection
Relative abundance of mRNA was accounted in accordance with glyceraldehyde phosphate dehydrogenase (GAPDH) strap which optical density value was set for 1.000. Expression of IGF-ImRNA IGF-IR and mRNA has no statistical difference among all groups, but expression of IGFBP-3 mRNA obviously raised in DDP group, rhGH group and DDP + rhGH group compared with control group and it also obviously raised in DDP + rhGH group compared with other groups (p < 0.05) (Table 5, Figure 3 ).
Discussions
In our experiment, we successfully founded gastric cancer xenograft models of nude mice and cancer models were confirmed by HE dying. Then, after we detected volume of tumor, tumor growth inhibitory rate and cell cycle, we thought that the short term usage of rhGH would not accelerate the growth of human gastric cancer cells and it was in accord with our earlier studies and other data [14] [15] [17] . The results lay the foundation for next study. The growth hormone-insulin-like growth factor axis (GH-IGFs) contains GH, IGFs, IGFR, IGFBP, and IGFBP protease. IGF-1, one of the IGFs, was effective on cell caryocinesia and metabolism. GH could stimulate liver to produce and release IGF, and there was positive correlation between the GH level and the released IGF level. Growth hormone played on its metabolic effects in directly or indirectly by IGF-I [18] [19] . Simultaneously, IGF-I mediated multiple roles of growth hormone promoting growth and synthesis [20] . Furthermore, both growth hormone and IGF-I have roles of saving lean body tissue and maintaining anabolic effect of protein synthesis [21] - [24] .
The GH-IGFs acted as a strong promoter not only on cell proliferation in normal tissue but also on tumor formation, development and transference. In many prospective researches, the investigated people were distributed into different 4 groups by their IGF-I levels, and the tumor such as prostatic carcinoma, lung cancer, rectal cancer and breast cancer occurred double or triple times in the highest IGF-I level group than in the lowest IGF-I level group [25] [26] . IGF-I was detected in almost every normal tissue type, it was positive on cell proliferation and differenciation. IGF-1 was also a strong motigen in tumor tissues, and it was regarded as a messenger of GH which was related with several tumor occurrence [27] . Research has shown IGF-I to stimulate the proliferation of pancreatic [28] , colon [29] , and breast [30] adenocarcinoma cell lines, with blockade of the IGF-1R leading to a downregulation in growth [28] [31] [32] . Studies about breast [33] and colon cancer [34] have demonstrated higher IGF-I levels to be associated with increased risk of adenocarcinoma development. But in recent researches, it was suggested that GH should act differently in tumor tissues according to the IGF-I gene polymorphism and the tumor tissue type [35] - [37] . In addition, Shitara et al. found that genetic polymorphisms of IGF-I may have a substantial effect on recurrence for gastric cancer patients who have undergone curative gastrectomy [38] . Felice et al. thought GH action in the T47D cells was independent of changes in IGF-I and IGF-I receptor (IGF-IR) expression and IGF-IR signaling, suggesting that GH can exert direct effects on breast cancer cells [39] .
IGFBP included IGFBP-1, 2, 3, 4, 5, 6 and them were separated and were identified, and IGFBP-3 was regarded as the major binding protein. In some special cases, IGFBP-3 could increase the activities of IGF-I by its self-degradation. The dual regulating mechanisms were controlled by IGFBP protease and GH et al. Because IGFBP was more effective than IGF-1R on binding with IGF-I, it should decrease the activity of IGF-I by the way of competitive inhibition. Besides, IGFBP should suppress cell growth directly. In tumor tissue, the level of IGF-I and IGFBP was effective on tumor occurrence, development, and prognosis, as well as the ratio between IGF-I and IGFBP. It was reported in a research of tumor-bearing mice that the tumor grew little when the mice had ingested the compound protein of IGF-I and IGFBP-3 while the protein production and nutritional status of the mice were improved apparently [40] . It was believed in part of researchers that the proper usage of GH should be related to the treatment periods and the doses of GH as well as the blood level of IGF-1 and IGFBP-3 [41] . It was reported that IGF-1 and IGF-1/IGFBP-3 molar ratio might increase the risk of cancer by increasing mammographic density [42] . In our experiment, the short term treatment of exogenous human growth hormone had increased not only the blood level of IGF-I and IGFBP-3 but also the mRNA expression of IGFBP-3 gene in tumor tissue, but had decreased the rate of IGF-I/IGFBP-3 in the mean time. The increased blood level of IGF-I and IGFBP-3 was also reported in the research of applying rhGH to the dystrophic patients who had been treated with total parenteral nutrition [43] .
In the experiment, the short term treatment of exogenous human growth hormone had increased not only the blood level of IGF-I and IGFBP-3 but also the mRNA expression of IGFBP-3 gene in tumor tissue. In the mean IGF-1   IGF1R   IGFBP3   GAPDH   1  2  3  4 time, the short term treatment of which rhGH had decreased the rate of IGF-I/IGFBP-3, especially when the treatment was associated with chemical therapy. In our earlier and before researches, it showed that the short term usage of rhGH would not accelerate the growth of human gastric cancer cells [13] [14] . Considering the results of both research, it should be suggested that the short term usage of rhGH would decrease the rate of IGF-I/IGFBP-3 in blood and would increase the protein level of IGFBP-3 in blood and gastric cancer tissue both, and the increased IGFBP-3 would bind with IGF-I as well as competitively inhibited the combination between IGF-I and its receptors, so it was one of mechanism of that the short term usage of rhGH would not accelerate the growth of human gastric cancer cells.
Conclusions
RhGH in short-time use did not improve proliferation of human gastric cancer cells and its mechanism was possible that rhGH in short-time use raised simultaneously IGF-I and IGFBP-3 of blood serum and increased IGFBP-3 mRNA, but degraded ratio of IGF-I and IGFBP-3 of blood serum in human gastric cancer cells. Finally, we didn't do some long-term experiments about the research for death of nude mice in DDP group, and this also is the defect of our experiment.
